, for paired nicking activities to the two opposite strands. cally resolves the junction DNA to produce two separate recombinant DNA duplexes. The atomic structure of Hjc Hjc was identified from the hyperthermophilic archaeon Pyrococcus furiosus [10] , and all of the archaeal should clarify the mechanisms of the specific recognition with Holliday junction and the catalytic reaction.
genomes sequenced to date contain the gene encoding an Hjc-like sequence [10, 11] . The activity of this resolvase with the smallest molecular mass was indeed Results: The crystal structure of Hjc from the hyperthermophilic archaeon Pyrococcus furiosus has been deterhighly specific to the topology of Holliday junction [10, 12] . The enzyme also catalyzes the cleavage of a Hollimined at 2.0 Å resolution. The active Hjc molecule forms a homodimer, where an extensive hydrophobic interface day junction formed by the RecA-mediated strand exchange reaction between plasmid DNAs in vitro [10] . tightly assembles two subunits of a single compact domain. The folding of the Hjc subunit is clearly different Moreover, the junction cleavage activity of Hjc is modulated by the RadB protein, a RecA/Rad51 family protein from any other Holliday junction resolvases thus far known. Instead, it resembles those of type II restriction in P. furiosus, in an ATP-dependent manner [13] . These results strongly suggest that the role of Hjc in the arendonucleases, including the configurations of the active site residues, which constitute the canonical catachaeal cells is to complete the homologous recombination process through the cleavage of Holliday junction. lytic motifs. The dimeric Hjc molecule displays an extensive basic surface on one side, which contains
The enzyme introduces symmetrical nicks into phosphodiester bonds between the third and fourth nucleomany conserved amino acids, including those in the active site.
tide on the 3Ј side of the junction [10, 12, 14] . To understand the molecular basis for the mechanisms of Holliday junction recognition and cleavage, we Conclusions: The architectural similarity of Hjc to restriction endonucleases allowed us to construct a putahave crystallized Hjc from P. furiosus and determinedIntroduction major ␣ helices, ␣1 and ␣2 (Figures 1b-1d ). In addition to this sheet consisting of strands ␤1, ␤2, ␤3, ␤5, and ␤6, two strands, ␤4 and ␤7, form an extra sheet and, together with the carboxyl terminal ␣3 helix, lie on the opposite side of the dimer interface.
Holliday junction plays a crucial role in the molecular

Dimer Contact
The dimer interface, with an area of 1700 Å 2 , is mainly composed of the ␤1 and ␤2 strands and the ␣2 helix. The contact involves hydrophobic interactions between Val24 in one subunit and Val35, Phe68, and Phe72 in the other noncrystallographic symmetry (ncs)-related subunit (Figures 1c, 1d, and 2 ). These four residues from each subunit form a central hydrophobic core in the interface. The two side chains of ncs-related Tyr42 also form a -interaction. The structural features of this The structural similarity between Hjc and restriction endonucleases extends to the active sites (Figure 4b ). In fact, the superposition of Hjc (pink) onto the three restriction endonucleases, FokI (red), EcoRV (yellow), and BglI (blue), reveals the striking spatial coincidence of Glu9, Asp33, Glu46, and Lys48 in Hjc with three acidic residues and one lysine residue, respectively, all of which constitute the canonical catalytic motifs of type II restriction endonucleases. It should be noted that this resemblance in the active site structures also contrasts with the similarity between the type II restriction endonucleases and the very short patch repair (Vsr) endonuclease, where some residues within the catalytic motif are replaced by histidine [20] .
Similarity to Resolvase/Restriction Endonuclease
Previous combined approaches of mutational analyses and sequence comparisons have suggested that Hjc contains motifs related to type II restriction endonu- structure [14] . In terms of the active site arrangement Figures 1d and 7a) . In the very close to a phosphate backbone in our model. A latter two mutants, two consecutive lysine residues on previous mutational analysis demonstrated that Phe72 the loop regions between ␤1 and ␤2 and between ␤3 and is important not only for dimerization but also for Holli-␤4 were replaced by alanine. All of the mutant proteins day junction-specific cleavage [15] , suggesting a strong showed purification behavior similar to that of the wild coupling between the correct dimeric structure and type, suggesting that they retain the original Hjc conforjunction DNA recognition. The Hjc structure indeed sugmation (data not shown). These mutant proteins were gests that mutations at Phe72 in the dimer interface used for the junction cleavage assay (Figure 7b) . As change the spacing of the termini of the two ␣1 helices compared to the wild type, the activity of K51A/K52A (Figures 2 and 6 as described earlier [12] .
Data Collection and Phasing
Accession Numbers Crystals were harvested in harvesting buffer containing 100 mM
The atomic coordinates and the structure factors of Hjc have been Tris-HCl (pH 7.0), 30% PEG4000, 50 mM (NH 3 ) 2 SO 4 , 50 mM NaCl, deposited in the Protein Data Bank (entry code 1GEF). and 10% glycerol. X-ray diffraction data were collected at 100 K using a nitrogen stream. The native Hjc diffraction data were colAcknowledgments lected at BL24XU (SPring8) with a crystal to detector distance of 300 mm, using an R-AXIS IV detector. The selenomethionine Hjc
We would like to thank Yoshio Katsuya for help with the use of data were collected at BL40B2 (SPring8) using three different waveSPring8 BL24XU, Keiko Miura and Naoto Yagi for their help with lengths (L1 ϭ 1.0332 Å , L2 ϭ 0.9800 Å , and L3 ϭ 0.9793 Å ) with a data collection at SPring8 BL40B2, and Naoki Kunishima for help crystal to detector distance of 380 mm, using an R-AXIS IV ϩϩ detecwith and advice on data collection and in structural analysis. We tor. These data were processed by the HKL suite [38]. The scaling are grateful to Hiroyuki Toh for critical reading of the manuscript. statistics are indicated in Table 1 
